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Introduction
Intra-abdominal adhesion formation after surgery is 
a significant cause of complications such as severe
mechanical bowel obstruction, female infertility, or
pelvic pain [1,2]. The exact cause of adhesions is still
unclear even though mechanical trauma, ischemia,
infection, and the presence of foreign bodies have been
attributed a role [3]. Mast cells have been implicated in
the aethiopathology of post-operative peritoneal adhe-
sions as well as eosinophils, macrophages, and neu-
trophils by influencing some of the fibroblasts and
myofibroblasts biochemical-functional properties. In
adhesion formation process it is possible to identify 
a surgical trauma in conjunction with ischemia with
infection that results in an acute fibroproliferative
inflammatory response [4]. Post-operative adhesion
may represent the final results of an exaggerated repair
mechanism. Mast cell degranulation and proliferation
can result even from simple handling of the bowel
which was proved in a rat model [5]. Recent observa-
tions indicate that mast cells have the ability in normal
and pathologic human tissues to directly produce type
VIII collagen [6]. Murine mast cell lines and primary
mast cells can synthesize basement membrane compo-
nents such as laminin and collagen type IV [7].
Endothelial growth factor (VEGF) is central to the for-
mation of postoperative intra-abdominal adhesions.
Mast cells are responsible for VEGF release into the
peritoneal cavity after operation [8].The aim of this
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Abstract: Mast cells (MC) produce, store and release many biologically active substances, especially inflammatory factors,
chemotactic substances for neutrophiles, cytokines and prostaglandins. They play very important role in fibrinosis and they
are an important factor in peritoneal adhesions formation and lysis. In this study we tried to evaluate role of mast cells in
peritoneal adhesions formation. We estimated number of mast cells in peritoneal fluid in rats with experimentally developed
peritoneal adhesions. The number of mast cells per ml was counted in flow cytometry in specimens of peritoneal fluid taken
from operated rats. The fluid was taken in standarized conditions the same for each group at the first operation and during
reoperation. Peritoneal cavity was washed with 0.9% Saline solution. MC were visualized using indirect immunohisto-
chemical method LSAB with mouse antibody. The animals were divided into 4 groups. 1st group was control group (n=20)
on which the abdomen was opened and closed without any manipulations, and the reoperation was done after 72 hours. The
other groups (2, 3, 4; n=20 for each group) were operated and scarification of the partial peritoneum and serosa was per-
formed. The rats were brought back to conscious and then were reoperated respectively after 24, 72 and 168 hours after first
surgery. After the laparotomy and damage of the peritoneum we observed formation of the peritoneal adhesions between
intestine loops and between intestines and damaged parietal peritoneum. Also the higher number of mast cells was observed
in the groups of animals with damaged peritoneum. The highest number of peritoneal adhesions was observed in the group
of animals reoperated after 72 hours. After 72 and 168 hours the higher number of MC and neutrophils was observed. The
difference was statistically significant. The percentage of mast cells was increasing during the experiment duration. It was
different from other cells populations which decreased after 168 hours. The MC and neutrophils were cell population which
changed significantly after manipulations in peritoneal cavity. It is very probable that they play an important role in peri-
toneal adhesions formation. 
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study was the evaluation of the role of mast cells in
peritoneal adhesions formation.
Materials and methods
Animals. Female Wistar rats in the number of seventy weighing
200-220g were housed under standard conditions, one rat in one
cage, fed a pellet diet, and given tap water ad libitum before and
after surgery. The rats were anesthetized with intramuscular keta-
mine 10mg/Kg, and the operation was carried out under sterile
conditions. After the abdominal hair was shaved and the skin was
sterilized with detadine, a 2-3 cm transverse laparotomy was per-
formed. The small intestine was grasped with forceps and 1cm2 of
serosa of two close intestinal loops 5-10 cm from caecum, and
colon 5 cm from caecum was abraded with surgical blade over
each one until punctuate hemorrhage occurred. Also 1 cm2 of peri-
toneum next to the scarificated colon was resected. Then the small
intestine was returned to the abdomen, the incision was closed in
two layers with continuous 3-0 absorbable surgical suture. After
24, 72 and 168 hours, groups of 10-20 rats were sacrificed for
analysis of peritoneal abnormalities, and for the tests described
below. Control consisted of 20 rats in which during the first laparo-
tomy no manipulations were performed, only the peritoneal lavage
with taking samples of the fluid. These rats were operated after 
72 hours and once again the peritoneal lavage was performed with
taking samples of the fluid. 
Adhesion grading. The peritoneal cavity was opened at the differ-
ent time points and the grade of adhesions was assessed according
to Hulka scale system [9]:
I degree – no adhesions
II degree – avascular, thin adhesions limited to 1 area
III degree – vascular, thin adhesions in one area
IV degree – many vascular adhesions, more than one place
Immunohistochemistry. The cell counts were performed in spec-
imens of peritoneal fluid taken from operated rats. The fluid was
taken in standardized conditions the same for each group at the
first operation and during reoperation. Peritoneal cavity was
washed with 0.9% Saline solution. Visualization of antibodies was
obtained using LSAB technique according to manufactures proto-
col. Mast cells were localized using monoclonal antibody – Mon-
oclonal Mouse Anti-Human Mast Cell Tryptase, Clone AA1, Iso-
type IgG1 (DakoCytomation, Code M 7052). In further stages we
used anti-mouse antibody combined with biotin and peroxidase
(Large Volume Dako LSABR+Kit, Peroxidase, K0690). Sections
were counter-stained with haematoxylin. The density of the mast
cells was calculated using a light microscope Reichert-Jung with
digital camera CCD Color Camera combined with IBM computer.
LUCIA software was used as a morphometric tool. The MC were
counted in random fields using Fuchs-Rosenthal Counter.
Ethical issues. The experimental protocol was approved by the
Local Animal Experimentation Ethic Committee (no. 2004/21).
Statistical analysis. Results of adhesion scores and peritoneal
lavage cells were analyzed using Microsoft Excel Statistica 5.1.
Analysis of MC in different groups of animals was performed
using unpaired Student's t-test. A p value of below 0.05 was con-
sidered to be statistically significant.
Results
After the laparotomy and damage of the peritoneum
we observed formation of the peritoneal adhesions
between intestine loops and between intestines and
damaged parietal peritoneum. Also the higher number
of mast cells was observed in the groups of animals
with damaged peritoneum. The highest number of
peritoneal adhesions was observed in the group of ani-
mals reoperated after 72 hours. After 168 hours there
were less adhesions but they were more thick and vas-
cular. Adhesions were found in scarificated intestine
and peritoneum. In the control group there were no
adhesions between intestine loops. In the group oper-
ated after 72 hours there were adhesions between
intestine loops, scarificated peritoneum and also
between the intestine and wound – which was not
observed in other groups. 
The number of cells per ml in peritoneal fluid taken
from animals in each groups was different. In the con-
trol group during first laparotomy the number of cells
was 10.3±0.9 cells x 106/ml. In the same group in the
second laparotomy performed after 72 hours there
were 11.2±2.5 x 106/ml cells (statistically insignifi-
cant). In the group in which laparotomy was per-
formed 24 hours after surgery and scarification, the
number of cells in the peritoneal fluid was 21.3±3.5
x106/ml (p<0.001). In the group operated 72 hours
after laparotomy and scarification the number of cells
in peritoneal fluid was 20.1±3.0 x 106/ml (p<0.001). In
the group operated 168 hours after laparotomy and
scarification the number of cells in the peritoneal fluid
was 12.7±1.7 (statistically not significant in the com-
parison with the first group).
After 24 and 72 hours the higher number of cells
was observed. The difference was statistically signifi-
cant. The percentage of mast cells was increasing dur-
ing the experiment duration. 
In the control group the percentage of MC in the
peritoneal fluid taken after lavage was 5.0±1.7. In
samples taken during laparotomy after 72 hours the
percentage of MC was 5.7±1.0. In the group in which
the samples were taken during laparotomy performed
24 hours after surgery and scarification the percentage
of MC was 6.5±1.9. In the group in which samples
were taken during laparotomy 72 hours after surgery
and scarification the percentage of MC in the peri-
toneal fluid was 9.9±3.0 (p<0.05). In the group operat-
ed 168 hours after first laparotomy and scarification
the percentage of MC in the peritoneal fluid was
11.5±2.2 (p<0.001). MC in all groups possessed simi-
lar morphometric parameters.
Discussion
The peritoneum is in constant contact with the peri-
toneal fluid. It is likely that the activity of cellular
mediators in the peritoneal fluid plays an active role in
peritoneal healing. These cellular mediators are pro-
duced by the cellular components of the peritoneal
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fluid such as the mast cells, the macrophages, the neu-
trophils and the eosinophils [10,11]. Surgical trauma
triggers inflammation process which causes an
increase in vascular permeability and release of fibrin-
rich exudates [12]. If the fibrin is not lysed through the
plasminogen-plasmin cascade, adhesions may form
through collagen deposition on a framework of proteo-
glycan and fibronectin [13]. Plasmin can be produced
by macrophages or by mesothelial cells lining the peri-
toneal cavity [10]. The main role of plasmin is to
degrade fibrin. To counteract this process, plasmino-
gen activator inhibitor-1 (PAI-1) and PAI-2, inhibit
both tissue plasminogen activator (tPA) and urokinase-
like plasminogen activator (uPA) to different degrees.
In the pathological process of adhesion formation, the
fibrynolytic process is altered, allowing the formation
and persistence of adhesions [14]. There is alteration
in peritoneal fluid cytokine profile in the presence of
adhesions. In acute inflammation, the peritoneal fluid
shows increased concentrations of the pro-inflamma-
tory cytokines IL-1, IL-6, IL-8 and TNF-alpha [15].
Acute inflammation in the peritoneum is followed by a
large influx of cells, predominately macrophages, by
chemotactic mechanisms. IL-1 and TNF-alpha are
both pro-inflammatory cytokines important in the
early phase of wound healing and are produced by
activated macrophages in the peritoneal fluid [16,17].
It is known that TNF-alpha, IL-1 and IL-6 interact with
the fibrynolytic system. Plasmin has been shown to
mobilize and release TNF-alpha, Il-1 and IL-6 [18].
TNF-alpha and Il-1beta can in turn down-regulate tPA
expression both at the protein and the mRNA level,
thus helping to regulate the inflammatory process and,
possibly the extent and severity of adhesion formation
[19]. In this study peritoneal adhesions in rats were
induced by scarification of the partial peritoneum and
serosa in a trial to mimic surgical intervention –
laparotomy. The highest number of peritoneal adhe-
sions was observed in the group of animals reoperated
after 72 hours. The process of adhesion formation
takes place in the peritoneum, also mast cells in the
peritoneal lavage were evaluated. The increase in the
number of mast cells during the first few days post-
surgery is a consequence of their proliferation, matu-
ration and migration. Mast cells (MC) present in the
peritoneal adhesions could have migrated from the
intestinal wall. MC are the critical effector cells of
allergic inflammation, and have a crucial role in tissue
reparative reactions and natural immunity [20,21], and
are normal resident cells of the gastrointestinal tract,
where they represent a host defense system [20]. MC
are capable of reacting to a variety of physical, biolog-
ic and chemical stimuli and are degranulated when an
inflammatory process takes place [20,22]. MC can
induce fibroplasia by the release of mediators such as
histamine [23,24], tryptase [25-27], TGF-beta or TNF-
alpha [13]. In this study we have shown that post-oper-
ative peritoneal adhesion formation in a rat model cor-
relates with mast cell changes in number and activa-
tion state. MC in all specimens possessed similar mor-
phometric parameters – irregular shape and centrally
located nucleus. Activation of MC and their degranu-
lation cause change in cell area, perimeter and
decrease in shape factor [28]. The identification of
types of MC – mucosal MC from the intestinal wall
and connective tissue MC recruited from the bone
marrow will be the aim of our next study.
The results of our study are concomitant with the
results of other authors, but there are no publications
assessing percentage of MC in the samples of peri-
toneal fluid taken in different time after laparotomy
and scarification of the peritoneum. The biggest per-
centage of MC was observed on the seventh day after
the laparotomy. These data indirectly suggests that
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Fig. 1. Mast cells (MC) in peritoneal fliud in rat reoperated after
24 hours (group 2) (original magnification ×200).
Fig. 2. A great number of MC and neutrophils in peritoneal fluid
72 hours after operation (group 3) (original magnification ×200).
mast cells influence peritoneal adhesion formation and
also take part in adhesion remodeling, because the
highest number of peritoneal adhesions was found
after 72 from the first surgery. After 168 hours from
the first laparotomy and scarification of intestine and
peritoneum, adhesions were less severe.
There is no ideal method of preventing adhesion
formation. In terms of surgical technique, gentle tissue
handling, the no-touch technique, meticulous hemosta-
sis, avoidance of powdered gloves and prevention of
thermal injury have all been described as means of
adhesion prevention [24]. A better understanding of
the pathogenesis of adhesion formation at the cellular
and molecular level would help to develop more effec-
tive treatment strategies.
Conclusions
The present work indirectly demonstrates the role of
mast cells in the formation and establishment of peri-
toneal adhesions in a rat model. After scarification of
peritoneum and serosa in rats, the process of adhesion
formation was observed, adhesions were most promi-
nent in the third day after the laparotomy. The laparo-
tomy and scarification of peritoneum and serosa
mobilized mast cells from the peritoneal fluid, and the
biggest number of MC was observed on the seventh
day after the laparotomy. These data suggests that
mast cells influence peritoneal adhesion formation
and also take part in adhesion remodeling. These
results indicate that the rat model is a valuable tool for
studying the contribution of mast cells in traumatic
inflammation.
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